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INTRODUCTION
The Indian meal moth, P. interpunctella (Hübner) and E.kuehniella (Lepidoptera: Pyralidae) are a worldwide pest of stored and processed durable food commodities (Rees, 2004) . Adult populations are generally found in high numbers in or near flour mills (Doud and Phillips, 2000) , food warehouses (Campbell, et al., 2002) , and retail stores (Arbogast et al., 2000) . B. hebetor Say (Hymenoptera: Braconidae) is a gregarious, idiobiont ectoparasitoid that attacks larvae of several species of Lepidoptera, mainly pyralid moths infesting stored products. It is an important potential biological control agent of stored product moths (Brower et al., 1996) . B. hebetor females first paralyze their host larva by stinging and then laying variable numbers of eggs singly on or near the surface of paralyzed hosts (Antolin et al., 1995) . The paralyzed host larvae are then used as food sources for developing wasps and also for the adult female Hymenopteran parasitoids have evolved different host-specific strategies to defeat the host immune system, such as the use of venom, endosymbiont virus, or mimicking the host tissue (Caron et al., 2008) .
Circulating haemocytes provide an excellent model system for the study of cell development, differentiation and communication (Ling et al., 2003) . They also have important functions on the immune system, metabolism, and detoxification, and play a crucial role in the defense of xenobiotics or microbial infection (Zhu et al., 2012) . The present study aimed to determine the effect of parasitization by B. hebetor (Hymenoptera: Braconidae), an efficient idiobiont ectoparasitoid on the total and differential haemocyte counts (THCs) of 5 th larval instars of two important stored product pyralid pests P. interpunctella and E. kuehniella. The present study aimed to determine the effect of parasitization by Bracon hebetor (Hymenoptera: Braconidae), an efficient idiobiont ectoparasitoid on the total and differential haemocyte counts (THCs) of 5 th larval instars of two important stored product pyralid pests Polidia interpunctella and Ephestia kuehniella.
MATERIALS AND METHODS

P. interpunctella and E.kuehniella Rearing:
Adult insects used in our studies were obtained from an infested stored products and reared under laboratory conditions at 28 ± 2° C with a relative humidity of 70 ± 5 % and a photoperiod of 16:8 L: D (Rharrabe et al., 2010) . Adults were kept in plastic jars (17×11×7 cm). Moths were reared on a diet consisting of cracked wheat (54%), wheat bran (18%), Brewer's yeast (6%), honey (7%), glycerin (12%), powdered milk (2%) and powdered sugar (1%).
B. hebetor Rearing:
Strain (Miller) of B. hebetor was collected from wheat infested with P. interpunctella. The parasitoid was maintained on larvae of E. kuehniella or P. interpunctella at 27°C and 50-55% humidity (Buyukgu zel et al., 2011) . They are also fed on a 50% honey solution (wt:v) soaked in cotton bad.
Hemolymph Collection:
The haemolymph was collected from the blood which had been obtained from the base of one of the prothoracic legs of the 5th instar larvae with a very fine insect pin sterilized in 70 % ethanol.
Total Haemocyte Counts (THCS):
To determine the total haemocyte counts, 3 or 4 drops of haemolymph were allowed to flow on a glass slide. A portion of the blood was drawn into a Thomas white blood cell pipette and then diluted with physiological sodium chloride saline solution (1:20) (Rosenberger and Jones, 1960) . After the haemolymph was diluted in a pipette, the first three or four drops were discarded (Shapiro, 1967) . THCS are counted in a standard haemocytometer according to the formula of Jones (1962) :
Haemocytes in 1 mm squares X Dilution X Depth of chamber Number of 1mm squares counted Haemocytes from four 1mm squares (the four corner squares) were counted. When the distribution of the cell count was uneven and clumping was observed the count was discarded.
Differential Haemocyte Counts (DHCS):
Differential haemocyte counts in control and parasitized larvae were determined according to the technique of Ogel (1955) for preparing the smears. The haemolymph excluding from the puncture was touched with the surface of a clear glass slide, then the drop was quickly smeared to a thin film on the slide by drawing an edge of another slide across the first one at 45 C angles. The smear was allowed to air-dry (Shapiro, 1966) after the blood was smeared. The dry film was fixed in absolute methyl alcohol for 2 minutes, after evaporation of methanol diluted Giemsa stain was poured over the film and left for 20-25 minutes, subsequently differentiated in saturated lithium carbonate solution for 30 seconds for red staining structures (Ghasemi et al., 2013 ) and then washed with 5 th instar larvae.
Statistical Analysis:
Data of the experiments were made using SPSS program, Version 20.0, expressed as mean ± standard error (SE). Levels of significance for differences of means were determined using Student's t-test for paired samples and ANOVA oneway for more than two samples. The level of significance for each experiment was set at P < 0.05 or P<0.01.
RESULTS
Envenomation is an important process in parasitism by parasitic wasps; it suppresses the immune and development of host insects. During parasitization, parasitic wasps inject mixtures including proteinaceous venoms, teratocytes, or ovarian proteins (Moreau & Asgari, 2015) . in addition, Asgari and Rivers (.2011) reported that various factors of parasitoid venom fluid caused severe alterations in host physiology, leading to the suppression of immune responses caused by the disruption of transcription and enzyme activities, reduction in hemocyte viability, and inhibition of encapsulation (Qian et al., .2013; Rivers, Uçkan, Ergin, & Keefer, 2010; Zhang, Ye, Cai, & Hu, 2005) . Moreover, Envenomation by B. hebetor causes the complete and permanent paralysis in host larvae and also suppresses cellular and humoral immune responses, including phenol oxidase (PO) activity (Beckage & Gelman, 2004; Kryukova et al., 2011) . The primary cellular defense mechanism used by Lepidoptera is haemocytic encapsulation of parasitoid eggs or larvae (Lackie, 1988) . Encapsulation involves surface recognition of the parasitoid by host haemocytes and eventually results in a multicellular capsule that kills the parasitoid by asphyxiation (Strand & Pech, 1995 Morphological characteristics of haemocytes were distinguished based on cytological parameters and staining properties using light microscope. Five types of haemocytes were found in P. interpunctella and E. kuehniella 5 th larval instars; these are: prohaemocytes (PRs), plasmatocytes (PLs), granulocytes (GRs), spherulocytes (SPs) and oenocytoids (OEs) as shown in Plate I and Plate II. Haemocytes Changes in Both P. interpunctella and E. kuehniella 5 th Larval Instar Induced by The Venom of B.Hebetor Parasitoid:
In our Study, certain changes consequences were observed in the P. interpunctella haemocytes of 5 th larval instar at 12, 24, 48 and 72 after parasitization by B. hebetor. The prohaemocytes (PRs) as well as cytoplasm are showed vacuoles, disorganization and cell lysis (Plate III, 1,2,3&4), respectively. The PLs appeared irregular (Plate III, 5, 7, 8, 9) ; the cytoplasm and nuclei appeared irregular vacuolization in (Plate III, 6) . Degeneration in the cell wall of granulocytes and releasing it in cytoplasm (Plate III, 11) as well as disorganization of the cells (Plate III, 10, 11 & 12) . In the case of treated oenocytoids, it is clearly showed irregularity in shape with lysis of cell membrane (Plate III, 13, 15& 17). Cytoplasm is vacuolated and degenerated (Plate III, 14, 15, 16 &17) . Concerning to SPs, they are irregular and the cell membrane is lysed (Plate III, 18). In addition, Parasitism of E. kuehniella 5 th larval instars by B. hebetor wasp induced changes in the hemocytes morphology. The PRs are irregular in shape (Plate IV, 1& 2). The PLs are showed with cell membrane distortion (Plate IV, 3:7); vacuolization in the cytoplasm (Plate IV, 6); and some nuclei are appeared irregular (Plate IV, 4, 5 & 7). There is degeneration in the cell wall of granulocytes (Plate IV, 8 & 9) and vacuolization in the cytoplasm (Plate IV, 10). Related to oenocytoids some cells vacuolated (Plate IV, 11), others characterized with cell membrane and cytoplasm lyses (Plate IV, 12 & 13) . In the case of treated SPs, it is clear that these cells with their nuclei were irregular in shape (Plate IV, 14 & 15) . Cytoplasm was vacuolated Plate I: Normal haemocytes of P. interpunctella 5 th larval instars (1, 2) prohaemocyte; (3, 4) rounded plasmatocyte; (5) oval plasmatocyte; (6, 7) spindle plasmatocyte; (8, 9, 10) granulocytes; (11, 12) oenocytoids; (13) spherulocytes Plate II: Normal haemocytes of E. kuehniella 5 th larval instars, examined by light microscopy. (1, 2) prohaemocyte; (3, 4) rounded plasmatocyte; (5) oval plasmatocyte; (6) spindle plasmatocyte; (7, 8, 9) 
Total Haemocyte Counts (THCS) in P. interpunctella 5 th Larval Instars:
The total haemocyte counts of P. interpunctella 5 th larval instars at 12, 24, 48 and 72 hrs after parasitized by B. hebetor are showed in (Table.1 ). Non-significance decrease in the total haemocyte counts at 12 and 24 hrs (30400 ± 1182.2 and 29516.7 ± 1598.3 cells/mm 3 ) respectively, compared with nonparasitised larvae. On the other hand, at 48 and 72 hrs the total haemocyte count are showed a significant decrease (24633.3 ± 616. 7 and 25916. 7 ± 971.4) at P ≤ 0.05 when compared with nonparasitised larvae. •n = 3. P: parasitized larvae. * Significance at P ≤ 0.05. NP: non-parasitized larvae S.E: standard error
Total Haemocyte Counts (THCS) in E. kuehniella 5 th Larval Instars:
The results of parasitization on THC for 2-4 days old 5 th instar larvae of E. kuehniella are presented in (Table.1 ). The parasitized larvae showed a slight increase in THC (34100 ± 305 and 33650 ± 258) respectively, at 12 and 24 hrs post parasitization in comparison with control. While, at 48 and 72 hrs post parasitization, the THC showed decreased significantly (26050* ± 714.69 and 26850* ± 1069.386) at P ≤ 0.05 in comparison with control. Differential Haemocyte Counts (DHCs) in P. interpunctella 5 th Larval Instars:
The data in (Table 2 ), showed that differential haemocyte counts of P. interpunctella 5 th larval instars at 12, 24, 48 and 72 hrs after parasitism by B. hebetor.
The predominant type of the haemocytes is the granulocytes, GRs, (35.33 ± 5.84 %) followed by the plasmatocytes, PLs, (26.67 ± 6.06 %) then spheriolocytes, SPs (26.00 ± 0.58 %) with insignificant difference then oenocytoids, OEs, (7.33 ± 0.33 %) and prohaemocytes, PRs, (4.67 ± 3.71%) with significant difference.
In P. interpunctella 5 th larval instars, PRs decreased significantly (1.00 ± 0.58, 2.00 ± 0.58 and 3.33 ± 0.33) at 12, 24 and 48 hrs post-parasitism respectively, compared to non-parasitized larvae when P ≤ 0.05. At 72 hrs post-parasitism the increase was insignificant (Table 3) .
Concerning to PLs, they showed a slightly change at 12 and 72 hrs post parasitism, they increased insignificantly (30.0 ± 2.7 and 27.7 ± 1.2) respectively, compared to the non-parasitized larvae. Additionally, at 24 and 48 hrs post parasitism, they decreased insignificantly (22.00 ± 2.7 and 28.7 ± 1.2) respectively, compared to non-parasitized larvae (Table. 2). Related to GRs, they increased significantly P ≤ 0.05 (59.00 ± 2.7 and 66.00 ± 4.4) at 12 and 24, respectively and highly significant P ≤ 0.01 (46.00 ± 3.21 and 42.33 ± 2.2) at 48 and 72 hrs after parasitism, respectively compared to non-parasitized larvae (37.3± 1.8, 36.7 ± 1.7, 35.00 ± 2.00 and 37.7 ± 2.4) respectively, . The maximum increase was at 24 hrs post parasitism after that, the elevation was decreased until 72 hrs after parasitism (Table . 2).
The data in ( Table. 2) showed that OEs were decreased highly significantly at P ≤ 0.01(3.00 ± 0.58) at 12 hrs post parasitism and significantly at P ≤ 0.05 (2.00 ± 1.00) at 24 hrs post parasitism in comparison to non-parasitized larvae (8.67 ± 0.67 and 7.33 ± 1.86). At 48 and 72 hrs post parasitism, they increased insignificantly (9.00 ± 1.53 and 12.00 ± 1.53, respectively) compared to non-parasitized larvae (7.00 ± 1.73 and 7.67 ± 0.33, respectively).
Finally, SPs were decreased at all-time intervals. The decrease was highly significant at P ≤ 0.01 (7.00 ± 1.73 and 8.00 ± 1.15) at 12 and 24 hrs post parasitism and significant at P ≤ 0.05 (13.00 ± 1.53 and 14.33 ± 2.33) at 48 and 72 hrs post parasitism respectively compared to non-parasitized larvae. Means within a row followed by the same lower case letter are not significantly different at P≤ 0.05.
•n = 3, S.E: standard error, * Significance at P ≤ 0.05, ** High Significance at P ≤ 0.01, NP: non-parasitized and parasitized larvae
Differential Haemocyte Counts (DHCs) in E.Kuehniella 5 th Larval Instars:
The data in (Table. 3) illustrated the differential haemocyte counts of E. kuehniella 5 th larval instars at 12, 24, 48 and 72 hrs post parasitization by B. hebetor. Our results indicated that GRs, PLs and OEs are the predominant types of the haemocytes (30.7 ± 1.7, 30.00 ± 3.8 and 26.3 ± 1.3) respectively, followed by SPs, (9.3 ± 1.2) then PRs, (3.7 ± 0.8) with significant change at P ≤ 0.05. PRs disappeared at 12 hrs post parasitism. They are (1.7 ± 3.5) decreased significantly at 24 hrs post parasitism and significant decrease (2.00 ± 1.6) at 48 hrs post parasitism when P ≤ 0.01 compared to non-parasitized larvae (6.3 ± 0.3 and 3.0 ± 1.4), respectively. While at 72 hrs post parasitization PRs were (4.00* ± 4.4) increased significantly at P ≤ 0.05 compared to non-parasitized larvae (Table . 3). While, PLs, were increased at all-time intervals (38.0 ± 1.4, 39.3± 3.3, 37.7 ± 1.5 and 35.7 ± 2.2), respectively. Significantly increase (P ≤ 0.05) at 24 and 48 hrs post parasitization compared to non-parasitized larvae (32.3 ± 1.98, 31.33 ± 1.2, 29.33 ± 1.00 and 30.7 ± 1.4), respectively. The maximum elevation was at 24 hrs post parasitization after that, it was decreased (Table. 3& Fig.6 ). GRs, are decreased at all-time intervals (25.3 ± 2.4, 25.00 ± 3.5, 25.33 ± 2.1 and 27.00 ± 1.2) respectively, compared to non-parasitized larvae (30.00 ± 3.11, 30.67 ± 3.33, 30.00 ± 2.50 and 29.33 ± 1.40) respectively, with insignificant difference (Table3) post parasitization, respectively with the insignificant difference compared to non-parasitized larvae (26.67 ± 1.76 and 26.33 ± 1.25, respectively). They are reached its maximum (31.00 ± 1.53) at 48 hrs post parasitization with a significant change at P ≤ 0.05 relative to non-parasitized larvae (24.67± 1.65). While, at 72 hrs post parasitization, they are decreased (27.67 ± 1.00)
Insignificantly when compared to non-parasitized larvae (29.67 ± 1.36) (table.3). Finally, SPs cells are decreased insignificantly at 24 and 72 hrs post parasitism. In contrast, they are decreased significantly (4.67 ± 2.35) at 24 hrs post parasitization when P ≤ 0.05 and high significant (4.33 ± 2.13) at 48 hrs post parasitization when P ≤ 0.01 compared to non-parasitized larvae (8.67 ± 2.47 and 9.67 ± 1.52), respectively. Table . 3: The effect of parasitism by B. hebetor on the differential haemocyte counts of E. kuehniella 5 th larval instars.
Means within a row followed by the same lower case letter are not significantly different at P≤ 0.05.
•n = 3, S.E: standard error, * Significance a at P ≤ 0.05, ** High Significance at P ≤ 0.01, NP: non-parasitized larvae and P: parasitized larvae
DISCUSSION
The number and type of the host haemocytes are two of the key factors required for a successful immune reaction (Eslin and Pre´vost, 1998) . Richard and Edward (2000) demonstrated both qualitative and quantitative changes in haemolymph protein and haemocytes by ecto parasitoid parasitization and their results agrees with our findings
In the current study, we observed that the reduction in the total number of hemocytes of p. interpunctella 5 th larval instars after parasitization with B. hebetor at all-time intervals. On the other hand, total haemocytes numbers in E. kuehniella 5 th larval instars increase slightly until 24 hrs post parasitization then decreased at 48 and 72 post parasitization. While, Khalil et.al.(2018) study the effect of parasitization by Bracon hebetor ectoparasitoid on the total haemocyte counts (THCs) of 5 th instar larvae of Corcyra cephalonica and E.kuehniella, They found that B. hebetor parasitization differentially affected THCs in parasitized E. kuehniella and C. cephalonica larvae. In E. kuehniella larvae, THCs steadily increased till 12 th hour observation after a sharp decline in the very first hour of parasitization and then started decreasing from 24 th hour post-parasitization. Highest THCs value was observed at 6 th day of parasitization. Meanwhile, C. cephalonica THCs exhibited a boost in the first 6 hours of post-parasitization with maximum THCs value at 6 th hour, but then gradually decreased till the end of the experiment on 9 th day. These findings indicate that parasitization by parasitoids may alter the haemocyte profiles of their hosts and these responses are species-specific.
On the other hand, Zi-WenTeng et al., (2016) reported that total hemocyte counts (THCs) were higher in parasitized larvae than in unparasitized larvae in the late stages following parasitization. In contrary, some parasitoid and host systems, parasitism leads to a significant reduction of THCs (Yu et al., 2007 and Nishikawa et al., 2013) , presumably due to either induced immunosuppressant (Stettler et al., 1998) or cell death of the circulating hemocytes and histolysis of the hematopoietic organ (Teramoto and Tanaka, 2004) .In addition, the total hemocyte numbers in P. xylostella pupae parasitized by Diadegmasemiclausum declined (Huang et al., 2009 ). Similar results have been reported for other insects after parasitism with Asobara japonica (Mabiala-Moundoungou et al., 2010 and Passos et al., 2014) , Choristoneur afumiferana parasitized by Tranosemarostrale (Doucet and Cusson, 1996) and for older Lacanobiaoleracea larvae injected with the venom of Pimpla hypochondriaca (Richards and Parkinson, 2000) .
The reduction in the number of circulating hemocytes ensures a favorable environment for the development of the parasitoid larvae and prevents the host producing prophenloxidase, oxygen and nitrogen intermediate reactive species, and melanin (Carton et al., 2010) .
Increase of THCs in E. kuehniella 5 th larval instars until 24 hrs post parasitization could be due to injection of ovarian protein by ovipositor. This is in agreement with the result of Rizki and Rizki (1992) they concluded that the injury inflicted by the female ovipositor may be responsible for the increased THC in parasitized larvae. The reasons for these changes also investigated by Marris and Edwards (1995) this increase may be attributed to the piercing of the host cuticle and injection of venom by the female wasp. Moreover, damage to the cuticle and/or body wall of an insect may alter the levels of certain humoral factors (Komano, 1991; Cociancich et al., 1994) and affect haemocyte number (Hanschke et al., 1980) . On the other hand, THCs were not elevated in parasitoid larvae suggesting that unidentified components of the Cotesia chilonis eggs hell aid in the escape from host immune recognition. However, the protective mechanism of endoparasitoid larva is not clear, and perhaps newly hatched larvae are recognized by host immune system 3-4 days after oviposition, resulting in elevated hemocyte counts Zi-WenTeng et al., (2016) .It is obvious by comparing hemocyte levels in both Drosophila melanogaster and Drosophila suzukii , Kacsoh and Schlenke (2012) reported that flies with increased constitutive blood cell (hemocyte) production were generally more resistant to wasp parasitism. In contrast, in some parasitoid and host systems, parasitism leads to a significant reduction of THCs (Doucet and Cusson, 1996 , Nishikawa et al., 2013 , Yu et al., 2007 , presumably due to either induced immunosuppression (Stettler et al., 1998) or cell death of the circulating hemocytes and histolysis of the hematopoietic organ (Teramoto and Tanaka, 2004) .
Results in our research revealed that there are differences in percentages of different haemocyte types before and after parasitism. Prohaemocytes of P. interpunctella decreases significantly through the three days post parasitism. Also prohaemocytes of E. kuehniella decreased significantly through the two days post parasitism but they increased significantly through the 3 rd day. This may be due to toxins secreted by injected bacteria cause lysis of haemocytes or induce programmed cell death.. The increase in the proportion of PRs in parasitised .E. kuehniella5 th larval instars suggests intensified haematopoiesis owing to the release of haemocytes from the sessile haemocyte compartment and haematopoietic organs and their subsequent participation in the immune reactions (Shaban et al., 2010) .
Following parasitism of two hosts, the PLs underwent slight change and the GRs increased significantly until 72 hrs post parasitism in P. interpunctella 5 th larval instars. While in E. kuehniella 5 th larval instars, the PLs increased significantly and the GRs decreased slightly. Plasmatocytes and granulocytes are haemocytes that most actively participate in encapsulation response (Ibrahim and Kim 2006) .
The effect of parasitism on differential hemocyte counts (DHC) showed diversity as follows: (i) C. sonorensis/H. virescens (Cai. et al. 2004) , Pteromalus puparum /Pieris rapae, the number of GRs increased, whereas that of PLs decreased after parasitism; (ii) in the system, Meteoru spulchricornis/Pseudoplusia separate, the population number of GRs always declined and that of PLs slightly elevated up to 48 h after parasitism (Suzuki et al., 2009) ; (iii) in the system Cotesia plutellae/Plutellaxylostella, both the number of GRs, PLs and the total haemocyte numbers especially in the fourth instar larvae, distinctly dropped after parasitism (Ibrahim and Kim, 2006) ; and (iv) in the system Cardiochiles nigriceps/ H. virescensand Microplitis demolitor/P. includes as well as Chelo nusinanitus /Spodoptera littoralis,no obvious effect was observed after parasitism (Stettler et al., 1998) .
In Pimpla turionellae/Galleria mellonella, parasitism reduced the population of GRs while increased the number of PLs (Er et al., 2010) . In contrast, Rivers et al., (2002) reported that parasitism by Nasonia vitripennis resulted in a noticeable decline in the number of PLs but not GRs in its flesh fly host, Sarcophagabullata. Obviously, no general picture emerges from these observations. This led Vinson (1990) to suggest that each parasitoid-host system is unique. It is known that the OEs cells are involved in the production of prophenoloxidase (Lavine and Strand, 2002) .
In P. interpunctella 5 th larval instars, OEs decreased significantly until 24 hrs post parasitism and increased insignificantly at 48 and 72 hrs post parasitism. While in E. kuehniella 5 th larval instars, they elevated until 48 hrs and decreased at 72 hrs post parasitism. Related to spherulocytes, in P. interpunctella 5 th larval instars they are decreased significantly at all-time intervals post parasitism. While in E. kuehniella5 th larval instars, they decreased significantly at 24 and 48 hrs post parasitism and non-significantly at 12 and 72 hrs post parasitism. Our results were in agreement with the finding of Passos et al., (2014) they noticed that a decrease in spherulocytes numbers on the third day of Diatraea flavipennella parasitized by the parasitoid Cotesia flavipes.
Following parasitism of two hosts, the PLs underwent slight change and the GRs increased significantly until 72 hrs post parasitism in P. interpunctella 5 th larval instars. While in E. kuehniella 5 th larval instars, the PLs increased significantly and the GRs decreased slightly. Plasmatocytes and granulocytes are haemocytes that most actively It is known that the OEs cells are involved in the production of prophenoloxidase (Lavine and Strand, 2002) , an enzyme that actively participates in the mechanisms of defense in insects (Crossley, 1979) . In P. interpunctella 5 th larval instars, OEs decreased significantly until 24 hrs post parasitism and increased insignificantly at 48 and 72 hrs post parasitism. While in E. kuehniella 5 th larval instars, they elevated until 48 hrs and decreased at 72 hrs post parasitism.
Related to spherulocytes, in P. interpunctella 5 th larval instars they are decreased significantly at all-time intervals post parasitism. While in E. kuehniella 5 th larval instars, they decreased significantly at 24 and 48 hrs post parasitism and nonsignificantly at 12 and 72 hrs post parasitism. Our results were in consistent with This was in consistent with Passos et al. (2014) who noticed a decrease in spherulocytes numbers on the third day of in Diatraea flavipennella parasitized by the parasitoid Cotesia flavipes who noticed a decrease in spherulocytes numbers on the third day of in Diatraea flavipennella parasitized by the parasitoid Cotesia flavipes. The role of SP is poorly known. Schmitz et al., (2012) have shown that SP is involved in the coagulation process quickly after hemolymph collection. They also suggest that SP participates in energy storage and lipid transport (Schmitz et al., 2012) .
